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Abstract
This study examines students’ success rate and level of engagement in a science classroom by
using augmented reality (AR) specifically merge cube. Students’ success rate is measured by
their grades, which can determine if the student understands the material. Engagement is
measured by observing whether or not the students are asking questions, volunteering
information, working well with others, paying attention in class, and participates actively in
discussions. The two research questions guided the study:1. Does the use of a merge cube in the
science classroom improve participants’ success rate in learning science? and 2. Does using a
merge cube increase engagement between genders? Quantitative data were collected from
students’ grades before and after using a merge cube, while qualitative data was collected from
observing how students engage in their learning when using the merge cube and when not using
the merge cube. The data revealed that either using or not using the merge cube the total number
of participants earned a C or higher on the test are equal (31). Even though the number of
participants earning an A after using the merge cube decreased, but using the merge cube helps
improve participants’ success rate. Although girls were more engaged in their learning when
using the merge cube, boys also showed a huge improvement by having 18 more boys being
more engaged. However, there were less girls than boys who scored an Always on Paying
Attention in class, but more girls scored a “Sometimes’ and none of the girls scored a “Never on
Pays Attention in Class.”
Keywords: science, augmented reality, merge cube, student engagement, high school
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CHAPTER I
Introduction
Studies have shown that over half of some high school classes are not prepared to take a
college science course (Journal of College Science Teaching, 2008). The main reason is because
some teachers lack knowledge and understanding to teach science. Therefore, there is a
possibility that these teachers lack the confidence in teaching science. As a result, they do not
give that class the attention it needs in order to teach it. In fact, “the inadequacy of a students’
science understanding is, also, a result of the inadequacies of science teachers” (Long, 2005,
p.10). This means that if the teacher does not understand what they are they teaching, their
students could suffer in the long run. Some teachers also might only have a teaching certificate to
teach science and the degree is in education and not science. Therefore, they may also not have a
full understanding of the content and will not be able to relay the information properly. Also,
some educators may be beginning science teachers and they are trying to plan lessons and units
for the year and may lose focus on delivering the content to the students.
Another issue that students face in science is trying to visualize how everything works. A
study has shown that a typical day in a science classroom, the teacher will assign a reading and
have students answer the questions at the end of it (Teaching for Conceptual Understanding in
Science, 2015). When this happens, a student will only read the section that contains the answer
and will then ignore the rest of the information. Therefore, the students are not getting the whole
understanding and they are missing out on the bigger picture and failed to retain the information.
If students cannot remember any of the information they learned, then they will not be able to
perform well on tests and quizzes and this will affect their grades.
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A study has shown that using technology could help solve these issues (Chiang, Yang, &
Hwang, 2014). Incorporated technology as teaching and learning tools could help students
engage and participate in the science classes. One of the technology forms used in science
classes is augmented reality (AR). An example of AR is a merge cube. Recently some schools
used a merge cube, where students can hold the cube in their hand to see a three-dimensional
picture. They can rotate the picture and image which gives the whole picture from different
viewpoints. Therefore, teaching with technology not only gets students involved, but also the
teachers.
Purpose of the Study
The purpose of this study was to examine if using AR into a science classroom can
improve students’ understanding of science curriculum. Students’ understanding will be based on
their grades after using the merge cube in class. This study was also intended to find out if using
merge cube will increase engagement from students in the science classroom.
For this study, engagement was defined as participation, interest and confidence in
learning science. One type of technology that was used to test this investigation is a merge cube.
Merge cube is an augmented reality science, technology, engineering, and math (STEM) tool to
help students learn science. Using a merge cube can help bring lesson plans to life in the
classroom, lab, and makerspace to support active learning and content creation.
Research Questions
This study was guided by two research questions:
1. Does the use of a merge cube in the science classroom improve participants’
success rate in learning science?
2. Does using a merge cube increase engagement between genders?

Examination of the Integration of Augmented Reality in Technology in Science Curriculum

10

Hypotheses of the Study
It is hypothesized that by using a merge cube, such as the merge cube, students’
engagement in science curriculum will improve. When the students use the merge cube, it will
get them to be more engaged within their learning. It is hypothesized that using a merge cube
will also increase engagement in male and female students.
Significance of Study
A study reported that bringing AR did improve the students’ learning achievement
(Chiang, Yang, & Hwang, 2014). AR helps students to be able to connect to the real world and
have a better understanding of the science content. In fact, it is known that the system of
learning is notably growing in high schools and even some universities (Jamali, Shiratuddin,
Wong, & Oskam, 2015). One very important statement that was made was “With the
convenience of most technologies, it stimulates the learning environment and promotes student
motivation, which are important factors in learning” (Jamali et al., 2015, p. 660). In order to get
students to learn, they need to be motivated. They need to see that the material that they are
being taught not only can be relatable but also understood at their own level. By having AR in
the classroom, it gives students that ability.
Another issue in science is that there are gaps in science curriculum between genders
(Riegel-Crumb, Moore, & Ramos-Wada, 2010). In addition, there has been data that shows
students are not ready for science, technology, engineering, and mathematics (STEM) fields
when they graduate high school and that there is a continuous achievement gap in these fields
(Blank, 2013). In high school, students fall behind in the science classroom and it continues to
happen still today. As educators, it should be a priority to close any achievement gaps students
may face and improve science learning for students (Jackson & Ash, 2012).
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Before the Next Generation Science Standards (NGSS) were developed, teachers had to
follow the National Science Educational Standards (NSES). The NSES was the framework that
connected doing science and learning science together (Jackson & Ash, 2012). In 2013, NGSS
was known as the new science standards that teachers must follow when teaching the curriculum.
NGSS requires students to be more engaged in the science classroom as well (Willard, 2015).
Therefore, one thing that NSES and NGSS have in common is that they both require engagement
from students meaning in order for students to learn science they must be able to experiment
along the way. In NGSS, the aspect of integration of technology in teaching and learning science
is highly recommended. The present study proposed to use Augmented Reality (AR) using a
merge cube for teachers to teach science.
One thing that is being noticed in the education world is that any student who went
through school during the time of the No Child Left Behind, recognized if their skills actually go
along with their academic career in math or science (Riegel-Crumb et al., 2010). From this, if a
student realizes that they do not have the appropriate skills to master the science class, they will
then lose interest and therefore will not do well and fall behind. When using AR, such as the
merge cube, it allows the student to study and learn at their own pace in a simplified manner so
that they can fully understand the material.
In general, students who are interested in science will most likely be successful in the
subject and later develop interest in a career in science as well (Riegle-Crumb et al., 2010). In
fact, “There is growing recognition that beginning with the early years of adolescence,
individuals think concretely about future careers, and such thoughts hold strong sway over
subsequent actions in preparing for their chosen career” (Riegle-Crumb et al., p. 459, 2010).
This means that students typically have it figured out what they want to do as a career before
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entering high school and therefore take certain classes that point in that direction. A study has
also stated that students choose a career based on what they have been exposed to (Riegle-Crumb
et al., 2010). It will be these exposures that will then direct students in deciding what classes to
take (Riegle-Crumb et al., 2010). If a student does not have any exposure to a scientific career,
then they are more likely to not take any science classes, or at least extra science courses not to
be required to take to graduate high school. Even though children at young age showed interest
in science but then lost it once in high school, educators noticed that some students who were
never interested in science at a young age showed some interest later once being involved with
STEM (Sadler, Sonnert, Hazari, & Tai, 2012).
Students today are growing up in a world where they are constantly being surrounded by
new forms of technology. This will also help them to be exposed to STEM in a different way to
the point their interest in science will increase along with their engagement in the course. This
will also help them to be exposed to STEM in a different way to the point their interest in science
will increase along with their engagement in the course.
Limitations of the Study
There were two limitations to this study. One being that both the teacher and researcher
are females. Since the second research question has to deal with gender, there could be some bias
shown towards the girls in the class. This could then alter the way the researcher makes
observations about engagement.
Another limitation for this study was that observations were done within four weeks.
This could affect the results for observing the level of engagement by not having enough time.
This could also be an issue because the researcher may not be able to observe all 44 students
within the four weeks. Meaning, some students may miss class because of a circumstance.
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Definition of Terms
Science. This field is the study of natural phenomena that is done by observing,
experimenting, and using the scientific method (Trujillo & Thurman, 2014).
Technology. Allows students to be active in the curriculum by being able to think about
the material that is being given to them, making choices, and being able to perform skills that are
usually from a lesson that is led by the teacher (Bay Jr., 2013).
Teaching strategies. This is referred to as instructional strategies. It is also referred to
methods that are used to help students learn the desired course contents and be able to develop
achievable goals in the future (Teaching and learning, laboratory 2013, Harvard –MIT Division
of Health Science and Technology).
Merge cube. Holographic tool that lets people be able to hold and engage with 3-D
objects through augmented reality (Takahashi, 2017).
Student engagement. This attributes to the extent of attention, curiosity, interest,
optimism, and passion shown by students (Great Schools Partnership, 2016). Students generally
show these levels of engagement when they are learning and therefore it initiates their motivation
to learn the material (Great Schools Partnership, 2016).
Augmented reality. Technology that augments reality, which is done by 2-D or 3-D
computer generated imagery (CGI), information, and it allows students to be active in their
learning (Jamali et al., 2015).
Summary
AR is a useful tool to help students learn science. The job of educators is to be able to
provide their students the education they deserve; the educators are responsible to find the tools
to help their students to have a better understanding of the content. With the use of the merge
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CHAPTER II
Review of Literature
Science is a very complex subject for the fact that it is always changing. Some students
have a hard time grasping the concepts and some teachers do not fully understand the curriculum
themselves and will put the science class on the back burner and not give it the attention that it
needs just like every other class. That is a disservice to the student. Some science teachers are
less qualified to teach science in school. Since science is always changing it is hard to know
everything, but that is why we need to keep up with it and learn to adapt to new ways to teach it
to our students. Many students, including some adults, are not comfortable with science due to
many reasons. A lot of them will say their reason is that science is a hard and complex class, thus
they do not do well in it.
Most high school science teachers’ goal is to make sure their students are prepared for
college science courses. However, a study found only 26% who took the American College
Testing (ACT) were academically prepared to take college biology (Jensen & Moore, 2008).
This simply means that three fourths of students who graduate will not do well in biology in
college due to not being prepared. This statistic is alarming for the fact that some students want
to have a profession in the science field.
Furthermore, according to expectancy-value theory (EVT), students perceive high levels
of utility value when they believe that engaging in an academic task will help them reach their
personal goals (Brisson et al., 2017). The students tend to perform better in a class when the
material will help them achieve a goal. This means that students will be better equipped for their
college courses.
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In this review, the author will address the importance of bringing technology in the
science classroom to have better prepared students in the sciences and classroom. The focus of
discussion will be on augmented reality (AR) technology, how AR technology is used in the
classroom, and the benefits and challenges of AR in the science classroom. The review will
conclude with the summary of the studies.
Science Instruction
Most science teachers use the Next Generation Science Standards (NGSS), to guide
science instruction and learning standards. In this guideline, grades K-12, a student should be
able to “ask questions and define problems, develop and use models, plan and carry out
investigations, analyze and interpret data, use mathematics and computational thinking, construct
and explanations and design solutions, engage in argument from evidence, and obtain, evaluate,
and communicate information” (Willard, 2015, p.2). There are different approaches that can be
used in order to achieve all these tasks in a high school science curriculum. For example, “a
typical routine in science classrooms is to assign a reading from a textbook or other source and
have students answer a set of questions based on the reading” (Konicek-Moran & Keeley 2015,
p. 3). This is a great strategy to use for the fact that the students are reading, however that does
not mean they are fully understanding what they are reading. When a student is given an
assignment, they will just look at the question that they need to answer, find the clue words in the
text, and answer the question and move on. They ignore all the other important information
within the text because they do not feel they need to know it. This is where students start to fall
behind in their science class.
“The inadequacy of students’ science understanding is also a result of the inadequacies
of science teachers” (Long, 2005, p. 10). Some science teachers are not fully prepared in
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teaching science due to lack of training and exposure to the science professional development. In
addition, beginning teachers in general are less competent in teaching science. Students’
education should not have to suffer just because a teacher lacked competence of the subjects
themselves. All of these issues will impact students’ interest in learning science and the
motivation they have towards science. In some cases, these issues will lead to a change in their
future profession (Riegle-Crumb, Moore, & Ramos-Wada, 2010). In fact, Riegle-Crumb et al.
(2010) did a study that used data from Trends in International Mathematics and Science Study
(TIMSS) from 2003. The researchers specifically focused on 8th grade students in the United
States from 232 different schools and looked at their career aspirations in the STEM field
(Riegle-Crumb et al., 2010). By using a wide range of schools, this would be able to give them
data from all over the country and not just one specific area. They also focused on three different
ethnicities which were Caucasians, African Americans, and Hispanics (Riegle-Crumb et al.,
2010). The dependent variable of this study was asking students questions about their career
choice in the STEM field and the independent variable was focusing on their attitude (RiegleCrumb et al., 2010). The researchers were able to find that some students in 8th grade do want to
pursue a career in the STEM field; with 26% Caucasian males, 22% African American males,
and 21% Hispanic males showing interest in a science career (Riegle-Crumb, et al., 2010). The
percentage of females wanting to pursue a science career from these schools are 23% Caucasian,
18% African American, and 19% Hispanic (Riegle-Crumb, et al., 2010).
Augmented Reality
Augmented reality is an interactive learning tool that enhances pictures with the use of
either a mobile device or tablet or iPad. In fact, augmented reality (AR) which “combines human
sense (e.g. sight, sound, and touch) with virtual objects to facilitate real-world environment
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interactions for users to achieve an authentic perception of the environment” (Chiang, Yang, and
Hwang, 2014, p. 352). Meaning, images can come to life for students to learn. An example tool
for this is the merge cube, which is the instrument that will be used in the current study. The
merge cube is a cube that when having a certain app open, the iPad is placed over it and a
descriptive 3-D image is displayed.
A previous study done on AR looked at three questions:
“Do the students who learn with the inquiry-based mobile AR approach have better learning
achievements then those who learn with the conventional inquiry-based mobile learning
approach? Do the students who learn with the inquiry-based mobile AR approach reveal higher
learning motivations than those who learn with the conventional inquiry-based mobile learning
approach? Is there a significant difference between the cognitive loads of the students who learn
with the inquiry-based mobile AR approach and the conventional inquiry-based mobile learning
approach?” (Chiang et al., 2014, p. 353)
This study used a total of 57 fourth grade students learning about aquatic animals and plants in a
northern elementary in Taiwan (Chiang et al., 2014). Even though this study took place in another
country, this goes to show that AR is used all over the world and that it can be beneficial to any student.
This study was using inquiry-based learning which means students learn by making a hypothesis,
exploring, and observing (Chiang et al., 2014). Thankfully, this study was able to prove that AR does
improve inquiry-based achievements in students’ learning (Chiang et al., 2014). They also found that
AR can help increase motivation in students when it comes to inquiry-based learning (Chiang et al.,
2014).
The Benefits of AR
An AR study shows that these tools help all students including students who have an intellectual

Examination of the Integration of Augmented Reality in Technology in Science Curriculum

19

disability (ID) and autism (McMahon, Cihak, Wright, & Bell, 2015). These students often struggle with
the component of science vocabulary. Students tend to not understand the definition or do not know how
to use it properly. However, McMahon, et al. (2015 ) found that “students with both ID and autistic
spectrum disorder (ASD) acquired science vocabulary words through the use of systematic prompting
and feedback with repeated opportunities to master specific discrete skills” (p. 1). A study was done
focusing on
“What are the effects of marker-based AR vocabulary instruction on the acquisition of science
vocabulary words of college students with ID and ASD? Do college students with ID and ASD
find AR vocabulary instruction socially acceptable for learning new science vocabulary words?”
(McMahon, et al., 2015, p. 3)
The researchers chose students with ID and ASD, which included one male and three females,
and found that the male student was able to increase to 80% of being correct on the vocabulary terms
after using AR and the three females were also able to increase to 80% of being correct on the
vocabulary terms after using AR (McMahon, et al. 2015). Before these students were introduced to AR,
they were between 20%-30% for understanding vocabulary (McMahon, et al. 2015). Also, these four
students agreed that AR helped them to learn vocabulary and that they would like to continue to use AR
to learn (McMahon, et al., 2015). When these students are using an AR tool, they do not run out of
chances when they give an incorrect answer to a question on the AR tool. Therefore, they can keep
trying to answer the question until they give the correct answer. For example, when using the cell app
for the merge cube during quiz mode, if a student gets it wrong they can keep trying to answer the
question until they get it right. Teachers have also said that when using a merge cube, it helped with the
students who had a sensory issue because of the texture on the cube (AR/VR Learning & Creation, n.d).

Examination of the Integration of Augmented Reality in Technology in Science Curriculum

20

Apps to Use with AR
In order to use the merge cube, or any AR tools, one must have certain apps that can
accommodate with the use of the tools. When the iPad is placed in front of the cube, a
descriptive 3-D image of a cell or the heart is displayed. To some people, this may seem more of
a game; however, studies show that science is communicated not only through verbal language
but also with visual images such as mathematical expressions, graphs, table, drawing, and
photographs (Pytash, Annetta, & Ferdig 2016).
To understand science, one cannot just read the text. Along with reading, a student must
look at graphs, tables, and pictures to understand what is being said in the text. For example, a
student may read that adding water to a flower aids in the growth. Along with that text, there
needs to be a picture of a flower showing the height throughout the growth stages so that they
can see by adding the water, the flower grows.
Two apps that can be used with the merge cube are AnatomyAR+ and CellulAR. The
anatomy app provides 3-D images of a beating heart, brain, and lungs and gives a short
description along with each organ. It also has labels on each part of the organ. The cell app gives
two modes, one is simply a discovery mode that has everything labeled and the other is a quiz
mode to where the students have to fill in all the blanks on the answer sheet. The cell has 3-D
images of a plant, animal, fungal, bacteria, and other cells and has all their parts labeled. Each
part has a description along with it, and the user can change the level of wording from either
elementary, middle school, or secondary. That way, it gives students of all ages the chance to
understand the basics of a cell.
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Teaching and Learning Science with AR in a Classroom
One aspect when teaching with AR is trying to get students to connect with the real
world. It is said that “As a cognitive tool or pedagogical approach, AR aligns well with situated
and constructivist learning theory as it positions the learner within a real-world physical and
social context, while guiding, scaffolding, and facilitating participatory and metacognitive
learning processes” (Dunleavy & Dede, 2013, p. 5). What this means is that it gets students to be
able to interact with the real world and make connections with the guidance of the teacher along
the way. For example, students can see the real brain image in 3-D using AR technology
compared to the picture image in the textbook.
Gender Differences in Science
It is believed that science is a white male dominant profession. In fact, Riegle-Crumb’s
(2010), Moore’s (2010), and Ramos-Wada’s (2010) study found that 26% of males who were
Caucasian, wanted to pursue a job in science. Although this statistic is not significantly different
from the African Americans, it was definitely higher than Caucasian, African American, and
Hispanic females and even Hispanic males who wanted to pursue a job in the science field
(Riegle-Crumb, et al., 2010). From here, the researchers found out that Caucasian, African
American, and Hispanic females are less interested in wanting a science career (Riegle-Crumb,
et al., 2010). They also found that 40% of Caucasian males enjoyed science more and they
performed better on their tests than everyone else (Riegle-Crumb, et al., 2010).
Nunaki, Damopolii, Kandowangko, and Nusantari (2019) focused on looking at gender
differences learning science. Their study focused on two things which were: to see if inquirybased learning to train students’ metacognitive skill was effective and to examine the difference
between male and female students’ metacognitive skill before and after inquiry-based learning
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(Nunaki, et al., 2019). This research was a multiyear study and developed the 4-D development
model (Nunaki, et al., 2019). In order to conduct this study it consisted of four stages, which
were; define, develop, and dissemination with the first year consisting of developing teaching
materials that were inquiry-based orientated that trained students’ metacognitive skill (Nunaki, et
al., 2019). These materials were approved and considered valid by the Focus Group Discussion
(Nunaki, et al., 2019). A total of 70 Students, 35 being male and 35 being female, from a public
senior high school in Manokwari, Indonesia participated in the study (Nunaki, et al., 2019).
These students were taking a math and natural science class and were between the ages of 15-16
(Nunaki, et al., 2019). The results of this study showed the inquiry-based learning has a positive
outlook on how students learn science, however it was found that there was not a difference
between male and females when it came to learning science (Nunaki, et al., 2019).
Theoretical Framework
The role of the teacher is to be the facilitator, representative personal model, and the
expert (Mete & Bakir, 2016). See Figure 1 below. When the teacher is the facilitator, they are the
ones initiating the students in class. They prompt students by asking questions and suggesting
alternatives to make their own options (Mete & Bakir, 2016). The teacher is also the one who
sets the tone of the class. The teacher will model how to do something and how to act (Mete &
Bakir, 2016). When the educator is the model, they also encourage their students to observe and
they guide them so that their students can mimic their approach (Mete & Bakir, 2016). As an
expert, educators express their information that they know to help develop their students’ skills
(Mete & Bakir, 2016). However, when it comes to learning science, it is difficult because there
are different types of learners. The four main types of learning are visual, auditory,
reading/writing, and kinesthetic, or VARK, which is how, Neil Fleming, refers to it (Cherry,
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2019). This model helps students to decide what type of learner they are when it comes to
learning certain subjects. The diagram below shows the relation between the teaching strategies
and the different types of learning:
Figure 1
Mate & Bakir Teacher Teaching Styles and VARK model of Science Learning.

•Teacher as
Facilitator

•Teacher as
Representative
of discipline

Student
Learning

Student
Learning

VISUAL

AUDITORY

Student
Learning
READING/
WRITING

Student
Learning

•Teacher as an
Expert

KINESTHETICS

•Teacher as
Personal Model

McCormack and Ross (2010) states that “for students to become producers of multimedia
technology themselves, they must first analyze artifacts and develop production skills” (p. 42).
For example, when students are given a lab to do, instead of having them start working on it they
should do some investigating on the background information of the lab. By doing this, students
will then be able to make real-world connections and will have a better understanding because of
the extra work they put into understanding the lab.
In the science classroom, students can enhance collaboration between themselves and
instructors and become interactive (Yuen, Yaoyuneyong, & Johnson, 2011). This is very
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beneficial for the fact that the students can build off other students along with the teacher to have
a better understanding of science. Vygotsky’s Zone of Proximal Development (ZPD) shows a
really good representation of this (Vygotsky, 1978).
Figure 2
Vygotsky’s ZPD chart from McLeod 2019.

The ZPD shows the distance from what a student knows to what they do not know, with
some type of guidance to help them to be able to understand what they do not know (McLeod,
2019). When a student is wanting to understand science, which means they are in the ZPD zone
of achieving that task of understanding, having that extra help from their peers or teachers can
give them that opportunity.
Conclusion
Studies reveal that the integration of AR in a science classroom will help students to
become more successful in science curriculum. In particular, when using merge cube to learn
science concepts, students can better understand the material and make learning more
meaningful. Educators try to get students to be more engaged in the classroom by doing hands-
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on activities, and merge cube is a perfect tool to do that. Another beneficial factor is alignment
with NGSS, which is the guidelines that science teachers are using today when teaching the
science content.
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CHAPTER III
Methods
Design of Study
The study is utilized mixed methods using convergent mixed method design. Mixed
methods research is “an approach to inquiry involving collecting both quantitative and
qualitative data, integrating the two forms of data, and using distinct designs that may involve
philosophical assumption and theoretical framework” (Creswell & Creswell, 2018, p. 214).
Convergent and Mixed Methods Design
The researcher collected both quantitative and qualitative data, analyzes them separately,
and then compared the results to find out if the findings confirm or disconfirm each other. See
Figure 3 below
Quantitative Data
Collection and
Analysis
Merge Results
Qualitative Data
Collection and
Analysis

Interpret
Results to
Compare

Figure 3. Convergent Design (One- Phase Design).
Source: Creswell & Creswell, 2018, p. 218.
Quantitative data was collected from five students’ test and quiz scores to determine any
improvement that were made from using the merge cube. For the qualitative method, data was
collected from two sources: survey and observational data. A self-developed pre-assessment and
post-assessment survey utilizing Likert scale with strongly agree being the highest and to
strongly disagree as the lowest, were used to survey students’ level of confidence, understanding,
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and engagement in the science classroom. The researcher observed the two biology classes on
their engagement using time sampling, checklist, and field notes.
The dependent variables of this study are the students’ success in the class and the
engagement level. The independent variable is the implementation of the merge cube by the
classroom teacher. The study examines the impact that the merge cube has in the classroom on
student engagement and student success based on two research questions: 1. Does the use of
technology in the science classroom improve students’ success rate in the class? and 2. Does
technology use increase engagement between genders?
Sample and Setting
A total of 44 students (20 boys and 24 girls) from two biology classes participated in the
study. Class One is from the 1st. hour has a total of 20 students and Class Two is from the 2nd
hour and has 24 students. The students were from a public high school in Central Illinois. The
students were randomly assigned to eight groups for each class group, so the total was 16 groups.
Table 1 shows the grouping of genders for each group in both the first and second hour. Table 2
shows the detail of assigned groups based on class and gender to show the total 44 students in
each class.
Table 1
Information on Students Groups from Two Biology Classes.
Groups

1st Hour

2nd Hour

1-4

2 girls and 1 boy

2 girls and 1 boy

5&6

2 boys and 1 girl

2 boys and 1 girl

7&8

all girls

all girls
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Table 2
Participants Assigned Groups Based on Class and Gender. n=44

Class/Hour

Group

A/1

B/2

Total

1, 2, 3, 4

Student
B
G
4
8

5 and 6

4

2

6

7 and 8

2

4

4

1, 2, 3, 4

4

8

12

5 and 6

4

2

6

12

7 and 8
4
4
______________________________________________________________________________
Total 2
16
20
24
44

Note. B= boy; G= girl.
All groups were randomly assigned so that there was no bias towards any specific
student. The purpose of this grouping was to help show the achievement gap between genders,
focusing specifically on girls.
This public high school is located in a rural farming community in central Illinois. The
high school has a total of 715 students enrolled. Out of the 715 students, 1.1% are African
American, 3.5% are Hispanic, 1.5% are Asian, 0.1% American Indian, 2.4% have two or more
races, and 91.3% are Caucasian. Also out of this student body, 33% of students are from a lowincome family, 13% of them have an individualized education program (IEP), and 3% are
homeless.
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Data Source and Instrument
A merge cube was the instrument used during this study to collect data. The students used
it to help them learn and understand the topics in anatomy and/or cellular biology. Data sources
came from investigator’s field notes from classroom observations and teacher interviews. The
observations used event sampling, and interview questions self-developed by the investigator.
There were two data sources from the following instruments:
•

Event sampling and field notes from the unobtrusive observations

•

Teacher interview

Event Sampling and Field Notes from the Unobtrusive Observations.
A checklist was used by the researcher to help answer research questions on student
engagement. When observing students learning, the researcher looked for whether or not
students were engaging in the learning process. When the students used the merge cube, they
were in groups, therefore the researcher would see if the students were working well with one
another. The group work indicated if students were helping one another out with understanding
the material or if they are just sitting aside and letting their peers do all of the work. The
researcher also looked for whether or not students were sharing information during discussions
within the class. For example, if they raised their hand to answer any questions that were being
asked. The researcher also looked for if the students asked questions on any of the material that
they may not have a full understanding on.
The classroom observations were used as a checklist and observational note. The researcher
recorded the observations by placing the number that was used to identify the student, for
example: 1, 2, 3, etc., in the box that best explains their engagement level for the day. For
instance, student number 1 may be sleeping in class, on their phone, or working on an
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assignment for another class, therefore the researcher placed student 1 under the Never/1 column
for statement 1. On a separate sheet of paper, the researcher then described what student 1 did to
be labeled under that column of statement 1 for that day. Statements 2, 3, and 4 focused on
students working as a group. The researcher recorded the observation the exact same way as
stated previously. For example, if student 1 in group A was constantly giving input on the group
discussion, the researcher then placed student 1 under Always/3 for statement 3. Statement 4
was also used to observe students independently in the class since it is observing whether or not
students were asking questions to receive more information. This checklist was made on
ResearchGate, and it was specifically made for observing student engagement (Find and Share
Research). The scoring for the level of engagement was based on never, sometimes and always.
Students received a never score if they constantly needed redirection from the teacher every 5-10
minutes of class and if they were clearly distracted by something else to where they could not
meet the standard. Students received a sometimes if the teacher had to redirect them every 15
minutes of class or if they got distracted by something else but were able to regain their focus to
the material themselves. Students received an always if they never had to be redirected by the
teacher and if they were able to give their full focus to the material the minute class started. Data
from the observations was qualitative in nature and was used to answer research question two.
See Appendix A for the checklist and observational notes.
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Figure 4
List of Statement and Rating Scale
Statement

Never

Sometimes

Always

1

2

3

1. Pays attention in class
2. Works well with other peers
3.Participates actively in discussion
4. Ask questions to get more information
5. Raises his/her hand to answer a question or
volunteer information

Teacher Interview. The teacher interview was also self-developed and consists of a total
of ten questions. The questions are as follow:
1. What did you or did not like about the merge cube and why?
2. Did using the merge cube help students to learn science? Why or why not?
3. Do you feel the engagement level from students increased with the use of the merge
cube? And if so, how?
4. By using the merge cube, do you feel that students’ grades increased and why?
5. Would you use the merge cube to learn other topics in science? Why or why not?
6. Did using the merge cube help you to deliver the content to students?
7. When using the merge cube, what was your confidence level when teaching the
content?
8. Did you feel engaged with teaching when using the merge cube?
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9. Did you feel comfortable enough to use the merge cube when the researcher was not
there?
10. Did students request to use the merge cube when the researcher was not there?
See Appendix D for the interview questions.
The purpose of the interview was to get the input from the teacher about her viewpoints
when using the merge cube in class.
Data Collection Procedure
Data was collected in spring of 2020 for four weeks. Students were assigned seating
during the four-week period in order for the observations to take place. The purpose of the
assigned seating was for the researcher to keep the data along with the correct student by
referring to students with numbers
For the unobtrusive observations, the researcher observed the students and teachers
approximately two to three times a week for each class throughout the period of study. Each
observation lasted 45 minutes resulting in a total of 20 observations which will be a total of 630
minutes. The researcher stood in the back-right hand corner of the class. Table 3 below
summarizes the schedules of data collection.
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Table 3
Data Collection Schedules
Week

1

Class A
Mon.

Tues.

8:00-

8:00-

8:00-

8:45-

8:45-

8:45-

8:45

8:45

8:45

9:30

9:30

9:30

2

3

4

Wed.

Class B
Thur.

Fri.

Mon.

Tues.

Wed.

Thur.

8:00-

8:00-

8:45-

8:45-

8:45

8:45

9:30

9:30

8:00-

8:00-

8:45-

8:45-

8:45

8:45

9:30

9:30

Fri.

8:00-

8:00-

8:00-

8:45-

8:45-

8:45-

8:45

8:45

8:45

9:30

9:30

9:30

Total
4

Data Analysis
Data from observations and the teacher interview was analyzed qualitatively. First, the
data was transcribed. Second, predetermined coding keywords were developed based on the
research question two then data was analyzed using axial coding. Finally, these results are
identified from axial coding. Data set from classroom observations and the teacher interview
answered research question two; does using merge cube increase students’ engagement in the
science classroom between genders.
Summary
This study used a mixed methods approach. The researcher used a high school located in
central Illinois and study was conducted for four weeks. The topics covered genetics in two
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biology classes. The researcher observed the engagement level of students in the science class
and to study how students understand and learn science.
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CHAPTER IV
Results and Findings
This chapter discusses the results and findings of the study by addressing the two
research questions: Does the use of a merge cube in the science classroom improve participants’
success rate? and Does the use of a merge cube increase engagement between genders? In order
to answer these questions, two sets of data were collected during the study. The quantitative data
was gathered from a total of five assignments. The qualitative data was gathered from
observations in the classroom. Data was collected for a total of seven days, equaling out to 630
minutes, due to COVID-19 for making the study end early. The following section discusses the
results based on research questions 1 and 2.
Research Question One: Does the Use of a Merge Cube in the Science Classroom Improve
Participants’ Success Rate?
Data from assignments 1 to 5 were used to analyze results for this research question.
Participants’ assignments were graded based on Grades A, B, C, D, and F. These assignments
included: reviewing DNA, meiosis drawing, identifying traits, genes/alleles/phenotypes, and
genetic crosses.
Table 4 shows the grades that participants received before and after using the merge cube.
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Table 4
Number and Grade of Participants Before and After Using Merge Cube
Grade

Number of Participants
Before using Merge Cube

After using Merge Cube

A

14

10

B

13

13

C

4

8

D

5

6

F

3

2

Total

39

39

The grades earned before using the merge cube came from students completing
homework assignments, labs, and a test. The grades earned after using the merge cube came
from students completing, homework assignments, labs, and quizzes.
It appears that the number of participants who scored an A before using the merge cube
were larger by 4 participants than after using merge cube. However, the number of participants
who were failing before using the merge cube was slightly more by 1 more participant than after
using the merge cube. The data revealed that for this group of participants, either using or not
using the merge cube the total number of participants earned a C or higher on the test are equal
(31). Even though the number of participants earning an A after using the merge cube decreased,
however, using the merge cube helps improve participants’ success rate. This clearly indicates
that if the merge cube were to be introduced into science classrooms, students could indeed
improve their grades.
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Research Question Two: Does the Use of a Merge Cube Increase Engagement Between
Genders?
A total of 22 female and 17 male participants participated in the study. Please see table 5
that notes the number of participants in the 1st and 2nd hour of the study based on gender. The
data on engagements was divided into 1st and 2nd hour. In each hour the participants’ engagement
statements were reported along with the score based on the level of engagement.
Table 5
Number of Participants in 1st and 2nd Hour of the Study Based on Gender
Hour

Female

Male

Total

First

9

8

17

Second

13

9

22

Total

22

17

39

Participants for the 1st hour were observed for a total of 7 days equaling to 315 minutes.
Participants for the 2nd hour were also observed for a total of 7 days equaling to 315 minutes.
The study used five statements to measure engagement. Below are the five statements:
1. Pays attention in class.
2. Works well with other peers.
3. Participates actively in discussion.
4. Ask questions to get more information.
5. Raises his/her hand to answer a question or volunteer.
The statements were measured by three-point scale; never, sometimes, and always.
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1st Hour Class
This section reported results from 1st hour observations in two sections. First section
discussed the results based on not using the merge cube. The second section reported observation
on using the merge cube. The first hour class was divided into five groups that contained 3-4
participants in each group. The groups are as follows:
Group 1: 3 females (participants 1, 3, and 17)
Group 2: 2 females (participants 4 and 5) and 1 male (participant 2)
Group 3: 2 females (participants 12 and 13) and 2 males (participants 7 and 8)
Group 4: 3 males (participants 9, 10, and 14)
Group 5: 2 females (participants 6 and 11) and 2 males (participants 15 and 16)
Did Not Use Merge Cube
Participants completed work and listened to lectures without using the merge cube for 3
days equaling 135 minutes. Participants also completed work and listened to lectures without
using the merge cubes. Participants did not use the merge cube for three days, equaling 135
minutes.
Participants were given new material covering genetics where they would use the merge
cube to complete a lab on a different day. Before the teacher began lecturing on the material, she
passed out a packet of notes for participants to fill in. Participants were given a quiz and a
worksheet to complete while using their laptops. The information that they are filling out on
their worksheets will be used when they complete the lab using the merge cube.
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Table 6
Number of Participants Respond to the Engagement of 1st Hour Observation Did Not Use Merge
Cube based on Gender
Statement/Level

1. Pays attention in class.

Never
Sometimes
Always
B
G
B
G
B
G
__________________________________________
2
2
2
2
19
21

2. Works well with other peers.

0

0

0

0

0

0

3. Participates actively in discussion.

0

0

0

0

0

0

4. Ask questions to get more information.

0

0

2

0

4

4

5. Raises his/her hand to answer a question

0

0

0

0

0

0

2

2

4

2

23

25

or volunteer information.
Total

____________________________________________________________________________
Note. 1= Never, 2= Sometimes, 3= Always, G= Girls, B= Boy
Participants were listening to the teacher and filling in their notes, except for participants
4 and 5. Both participants 4 and 5, both females, scored a Never on Pays Attention in Class on
the level of engagement because they kept talking the whole time while the teacher was lecturing
and were not following along on their notes. However, participant 5 did ask a few questions
during the lecture and scored a Sometimes on Ask Questions to get More Information on the
level of engagement. Participants 7 and 8, both males, were not only talking but were also
laughing during the whole time while the teacher was lecturing on the material and were not
following along on their notes. Participants 7 and 8 both scored a Never on Pays Attention in
Class on the level of engagement. Participants 15 and 16, both males, were also talking, but only
talked for 5 minutes while the teacher was lecturing, and then stopped. Participants 15 and 16

Examination of the Integration of Augmented Reality in Technology in Science Curriculum

40

scored a Sometimes on Pays Attention in Class on the level of engagement. All the other
participants: 1, 2, 3, 6, 9, 10, 11, 12, 13, 14, and 17 scored an Always on Pays Attention in Class
on the level of engagement. Participants who were just previously mentioned, were giving the
teacher their full attention while she was lecturing and followed along with their notes and filled
in the information they needed to complete their notes.
After the teacher gave instructions on how to complete the worksheet, participants 4 and
5, both females, were talking for a couple of minutes and were redirected by the teacher to start
working on their worksheet. Participants 4 and 5 were also talking while the teacher gave
instructions at the beginning of class and therefore scored a Sometimes on Pays Attention in
Class on the level of engagement because they began to work after being redirected. In fact,
participant 5 scored a Sometimes on Ask Question to get More Information on the level of
engagement, along with participant 15 who is a male because they asked several questions while
working. Participants 6, a female, and 2, a male, also scored an Always on Ask Questions to get
More Information on the level of engagement. All other participants in the class: 1, 2, 3, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, and 17 scored an Always on Pays Attention in Class because they
were all focused and were not distracted at all when completing their worksheet.
The teacher started the class out by passing back a quiz and a worksheet that participants
completed, and participant 5, a female, asked the teacher a question on what she missed on the
worksheet. The teacher was lecturing about genetic traits again and gave participants a
worksheet to complete where they were given information about the offspring and participants
had to figure out who the parents are of that offspring. Participant 5 raised her had multiple
times while the teacher was lecturing and when working on the worksheet. Participant 5 scored
an Always on Ask Questions to get More Information on the level of engagement. However,
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participants 4 and 5, both females, were constantly talking while the teacher was lecturing and
going over the practice problem and therefore scored a Sometimes on Pays Attention in Class on
the level of engagement.
All other participants: 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17, were fully
focused on the teacher while she lectured and worked out the practice problem and therefore
scored an Always on Always Pays Attention in Class on the level of engagement. Participants 2,
a male, 7, a male, 15 and 16, both males, and 17, a female, constantly raised their hands and
asked questions and scored an Always on Ask Questions to get More Information on the level of
engagement. However, because participants were constantly asking questions on the worksheet,
the teacher reminded them to use the practice problem that they did together before class to guide
them when answering the questions.
Based on table 3’s results, females are more engaged with science and ask more
questions than males when not using the merge cube. Only a total of two females and two male
scored a Never and Sometimes when it comes to looking at the different statements for the level
of engagement when not using the merge cube. Based on these results, it seems as though
females like to be more involved in their learning when it comes to science. Statements 2 and 3
were not measured because participants were not working in groups. Statement 5 was not
measured since none of the participants volunteered to answer a question or offer information
during class.
Using Merge Cube
Participants used the merge cube for 4 days equaling a total of 180 minutes. At the
beginning of class, all participants seemed to be really engaged and gave the teacher their full
attention. Participants used a merge cube to complete their lab on heredity, but before doing the
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lab the teacher lectured new material first. Participants were given a worksheet to complete on
genetic traits while using the merge cube. Before being given the worksheet and other materials,
the teacher was lecturing about genetic traits and giving participants new information that they
will use when completing the worksheet. Participants will be given a lab to complete with using
the merge cube that covers information on inheritance. For this lab, participants will need to
make predictions about what the inheritance will be for the offspring and give a reasoning as to
why they are making that prediction.
Table 7
Number of Participants Respond to the Engagement of 1st Hour Observation Used Use Merge
Cube Based on Gender
Statement

Never

Sometimes

Always

1. Pays attention in class.

B
G
B
G
B
G
____________________________________
0
0
0
0
24
27

2. Works well with other peers.

0

2

1

0

27

27

3. Participates actively in discussion.

1

2

0

0

8

9

4. Ask questions to get more information.

0

0

2

3

2

2

5. Raises his/her hand to answer a question or

0

0

0

0

2

2

1

4

3

3

63

67

volunteer information.
Total

______________________________________________________________________________
Note. N= Never, S= Sometimes, A = Always, B= boy, G= girl
Some comments that participants made while using the merge cube were “This is really
cool!” and “Look at that!” This shows that the merge cube sparked some interest in participants
when it came to learning genetics. However, at the beginning of group work, participant 2, who
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is a male and is in group 2, was not fully participating with his group and scored a Sometimes on
Works Well With Others on the level of engagement. After about 15 minutes of group work,
participant 2 started to participate and started to help his group out more.
All participants were showing strong engagement when using the merge cube, except for
two participants. Participant 17, who is a female and is in group 1, and participant 5, who is a
female and is in group 2, were both very disengaged. They scored a Never on Works Well With
Others on the level of engagement. Both participant 17 and participant 5 were disengaged during
the whole class time while doing group work with the merge cube. While other groups were
having discussions and sharing information, group 2 did not discuss any information between
each other and scored a Never on Participates Actively in Discussion. Group 5 showed a strong
level of engagement and all participants scored an Always on Ask Questions to Get More
Information and Raises His/Her Hand to Answer a Question or Volunteer Information on the
level of engagement. Group 5, which consisted of 2 females and 2 males was the group that
showed a strong level of engagement.
Once the teacher was done lecturing the material, participants were given an iPad, a
merge cube, and a lab handout in order to do the lab. All participants, 1-17, scored an Always on
Pays Attention in Class and on Works Well with Other Peers on the level of engagement for this
day. About half of the participants made comments on how much they really enjoyed using the
merge cube and that it made completing the lab and answering questions easier. In fact, all 5
groups finished their lab within 15-20 minutes. All participants were really engaged when using
the merge cube and had fun using it. Participant 5, a female, also scored a Sometimes on Ask
Questions to get More Information on the level of engagement because she asked questions
throughout working on the lab.
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All participants, 1-17, were fully engaged and all scored an Always on Pays Attention in
Class on the level of engagement. Participant 2, a male, even took extra notes while completing
the lab when using the merge cube. One thing that happened differently on this day that did not
happen on the previous days, is that all participants, 1-17, had an open discussion within their
groups while completing this lab. All 17 participants scored an Always on Participates Actively
in Discussion and even an Always on Works Well with Other Peers on the level of engagement.
Participants showed a very high level of engagement on this day when using the merge cube by
interacting more with their groups and having discussions. Participants were extremely focused
on getting their worksheet done in class.
Participants did a phenomenal job with working diligently and being fully engaged with
completing this lab while using the merge cube. Participants were fully focused and never had to
be redirected by the teacher to work on the lab. All participants, 1-17, scored an Always on Pays
Attention in Class and an Always on Works Well with Other Peers on the level of engagement.
This lab was done in the same groups previously listed on 1st Hour on 2-26-2020. Participants 2
and 9, both males, 4 and 5, both females, asked a few questions and all scored a Sometimes on
Ask Questions to get More Information on the level of engagement.
Participants finished fairly quickly on the lab and made comments on how it helped them
to be able to better understand the material on genetic inheritance. Participants also really
enjoyed using the merge cube for this lab. In fact, participants 6 and 17, both females, asked to
do another genetics activity with the merge cube, and the teacher handed them another handout
to complete.
Even though when using the merge cube females are more engaged in their learning,
boys also showed an improvement in their engagement. In fact, more than double the amount of
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girls and males showed an improvement on their engagement when using the merge cube than
with not using the merge cube. Not a single boy or girl scored a Never or Sometimes when it
came to paying attention in class. All participants scored an Always for Pays Attention in Class.
One thing that increased with the use of the merge cube is that a total of four participants were
able to raise their hand to either answer questions or offer extra information.
2nd Hour Class
This section reported results from 2nd hour observations in two sections. First section
discussed the results based on not using the merge cube. The second section reported
observation on using the merge cube. This class was divided into six groups that contained 3-4
participants in each group. The groups are as follows:
Group 1: 3 females (participants 18, 23, and 24)
Group 2: 4 females (participants 19, 20, 25, and 26)
Group 3: 4 males (participants 21, 22, 27, and 28)
Group 4: 2 females (participants 30 and 35) and 1male (participant 29)
Group 5: 3 females (participants 31, 32, and 36) and 1 male (participant 37)
Group 6: 1 female (participant 33) and 3 males (participants 34, 38, and 39)
Did Not Use Merge Cube
Participants completed work and listened to lectures without using the merge cube for 3 days
equaling 135 minutes. Participants were given new material that covered the topic meiosis and
genetics. Participants will use this information to complete a lab on a different day while using
the merge cube to help them to complete it. Participants were given a quiz and a worksheet to
complete while using their laptops. The teacher also passed back a quiz that participants have
previously completed along with the lab they completed the day before. The teacher is going
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over an example problem before handing out a handout with practice problems. The participants
will use the example problem as a guide in completing the handout that contains practice
problems over genetics. On this handout, participants will be working on problems backwards
where they are given information about the offspring and they have to figure out the parent
information.
Table 8
Participants Respond to the Engagement of 2nd Hour Observation Did Not Use Merge Cube
Based on Gender
Statement

Never

Sometimes

Always

1. Pays attention in class.

B
G
B G
B G
_______________________________
3
1
2
6
22 32

2. Works well with other peers.

0

0

0

0

0

2

3. Participates actively in discussion.

0

0

0

0

0

0

4. Ask questions to get more information.

0

0

1

2

4

2

5. Raises his/her hand to answer a question or

0

0

1

2

0

0

1

4

10

26

36

volunteer information.
Total

3

______________________________________________________________________________
Note. N= Never, S= Sometimes, A = Always, B= boy, G= girl
Participants 38 and 39, both males, whispered to one another during the whole class period
and both scored a Never on Pays Attention in Class on the level of engagement. Participants 31
and 32, both females, were talking to one another loudly to where the teacher stopped lecturing
and redirected their attention back to the lecture material. Participants 31 and 32 both scored a
Sometimes on Pays Attention in Class on the level of engagement. While the teacher was
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lecturing, she asked a few questions and three participants were able to answer the questions.
Participants 30 and 32, both females, and 22, a male, scored a Sometimes on Raises His/Her
Hand to Answer a question or Volunteer Information on level of engagement. Participant 27, a
male was slouching in his chair, half asleep, and missed notes. Participant 27 had to look at his
partner’s notes since he missed half of them and he scored a Never on Pays Attention in Class on
level of engagement. All other participants: 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29, 30, 33, 34,
35, 36, and 37 all scored an Always on Pays Attention in Class on level of engagement.
Participants 23 and 24, both females, talked a few times during class and the teacher had to
redirect their attention back to their tasks each time. Both participants scored a Sometimes on
Pays Attention in Class on level of engagement. Participants 25 and 26, both females, were
helping one another out on the worksheet and were having an open discussion about the material.
Both participants scored a Sometimes on Pays Attention in Class and an Always on Works Well
With Other Peers on level of engagement. Participants 23 and 32, both females, and 39, a male,
raised their hand multiple times to ask questions. All three participants scored a Sometimes on
Ask Questions to get More Information on the level of engagement. All other participants: 18,
19, 20, 21, 22, 27, 28 29, 30, 31, 32 33, 34, 35, 36, 37, 38, and 39 all scored an Always on Pays
Attention in Class on level of engagement.
While the teacher was going over the example problem and instructions on how to complete
the handout, participants 38 and 39 were talking and laughing constantly. The teacher had to
redirect their attention twice, and both participants finally stopped and gave the teacher their full
attention. Participants 38 and 39, both males, received a Sometimes on Pays Attention in Class
on level of engagement. Participant 35, a female, was also laughing and talking throughout the
time that the teacher was explaining everything. Even after the teacher redirected participant’s
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35 attention twice, she still continued to talk and laugh. Once the teacher was finished
explaining the instructions for the handout, she approached participant 35 and said “I noticed that
you continued to talk and laugh and that you do often. This is why you are not doing well on
these labs and quizzes because you are not paying attention in class. Since you were also
laughing and talking today, you will also struggle with this handout.” Participant 35 received a
Never on Pays Attention in Class on level of engagement. All other participants: 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 36, and 37 all scored an Always on Pays
Attention in Class on level of engagement. Participants 18, 19, 21, 22, 28, and 39 all asked
multiple questions on the handout and all scored an Always on Ask Questions to get More
Information on level of engagement.
Table 5 reported 10 more girls than boys were more engaged in their learning when not
using the merge cube. This is shown by seeing that only one girl in totality scored a Never on
the level of engagement. However, the amount of boys that scored an Always on the level of
engagement is almost 10 more times the amount of boys who scored a Never and almost 7 more
times the amount of boys who scored a Sometimes on the level of engagement.
Using Merge Cube
Participants used the merge cube for 4 days equaling a total of 180 minutes. Participants
were given a worksheet to complete that covered the topic DNA and chromosomes. This
worksheet was done as a way for the students to practice using the merge cube. Participants
used a merge cube to complete their lab on heredity, but before doing the lab the teacher lectured
new material first. Participants were given a worksheet to complete on genetic traits while using
the merge cube. Before being given the worksheet and other materials, the teacher was lecturing
about genetic traits and giving participants new information that they will use when completing
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the worksheet. Participants will be given a lab to complete with using the merge cube that covers
information on inheritance. For this lab, participants will use the merge cube to decide with a
trait what type of inheritance trait is showing from the parents on the offspring. Participants will
also have to explain their evidence as to why they chose their specific answer.
Table 9
Participants Respond to the Engagement of 2nd Hour Observation Used Use Merge Cube Based
on Gender
Statement

Never

Sometimes

Always

B

G

B

G

B

G

1. Pays attention in class.

3

0

9

16

0

1

2. Works well with other peers.

5

2

2

2

25 40

3. Participates actively in discussion.

4

0

0

0

14

28

4. Ask questions to get more information.

0

0

0

0

5

6

5. Raises his/her hand to answer a question or

0

0

0

0

0

0

12

2

11

18

44

75

volunteer information .
Total

______________________________________________________________________________
Note. N= Never, S= Sometimes, A = Always, B= boy, G= girl
After 10 minutes of working on the worksheet, participant 38, a male, was playing with
the merge cube instead of using it to complete the worksheet. After about 5 minutes, participant
38 focused his attention back to the worksheet and is using the merge cube for learning and
completing the assignment. Participant 38 scored a Sometimes on Pays Attention in Class on the
level of engagement. All of the participants in group 1, which consisted of 3 females, had to be
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directed multiple times by the teacher to focus on the worksheet. Participants in group 1:
participants 18, 23, and 24, scored a Sometimes on Pays Attention in Class on the level of
engagement.
However, group 1, along with groups 2-6, all worked well with one another in their
groups. Participants 18-39 all scored an Always on Works Well With Other Peers on level of
engagement. Groups 1, 2, 4, 5, and 6 also scored an Always on Participates Actively in
Discussion when in their groups. These participants displayed strong group work when working
with one another.
Participants in group 3, which consisted of 4 males, were not having an active discussion.
These participants, participants 21, 22, 27, and 28, worked well with one another, but were not
discussing the material that was on the assignment. Therefore, participants in group 3 all scored a
Never on Participates Actively in Discussion on the level of engagement. Participants 27 and 28,
both males, were not showing any engagement at all when completing this activity and
participants 21 and 22, both males, were doing all the work. In fact participant 21, redirected his
partners multiple times in order to try to get them to focus on the assignment. Once group 3
completed their worksheet, participant 21 told his partners that he did the majority of the work
and that they did not help at all. After some groups finished their activity, participants 25 and
26, both females, continued to use the merge cube on their own time to practice using it more.
All participants, 18-37 and 39, were constantly talking to where the teacher had to
redirect their attention multiple times throughout class. All participants scored a Sometimes on
Pays Attention in Class on level of engagement. Participant 38, a male, scored a Never on Pays
Attention in Class on level of engagement. Participant 38 fell asleep for 10 minutes. He was also
distracted with his hair, and kept playing with his hair and talking to his partner.
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Participants completed the lab in the same groups that are listed on 2nd Hour on 2-262020. While working on the lab, participants 21, a male, and 25, a female, constantly raised their
hands throughout to ask questions about the lab. Both participants scored an Always on Ask
Questions to get More Information. All participants in groups 1, 2, 4,5 and 6 were having open
discussions about the material and were helping each other out with understanding the material.
These participants all scored an Always on Works Well with Other Peers and an Always on
Participates Actively in Discussion on level of engagement.
However, participants in group 3: participants 21, 22, 27, and 28, all males, all scored a
Never on Works Well with Other Peers on level of engagement. In fact, participant 21 was doing
all of the group work and his partners never offered to help him. After 20 minutes of working on
the lab, participants 22, 27, and 28 started helping participant 21. Group 3 took 35 minutes to
complete the lab, where it only took groups 1, 2, 4, 5 and 6 15-20 minutes to complete since all
group members were actively helping.
The teacher used the attachment of earlobes as an example when discussing traits.
Participants were told that they would be using the merge cube to complete the lab, and
participants got excited. They gave their full attention to the teacher while she was lecturing the
new material. Participant 18, a female, was taking extra notes during the lecture. Participant 18
received an Always on Pays Attention in Class on level of engagement.
After the teacher was finished lecturing the material, participants were given a merge
cube, and an iPad, and a worksheet to complete the lab. Participants worked in their same groups
previously listed on 2nd Hour on 2-26-2020. Group 3, all males, showed a major improvement
on their group work for this lab. All participants in group 3, for the first time, were having
discussions on the material and helping one another out when completing the lab. Participants
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21, 22, 27, and 28, all males, received an Always on Works Well with Other Peers and an
Always on Participates Actively in Discussion.
Participants in group 6, asked the teacher questions throughout the lab. Participants 33, a
female, and 34, 38 and 39, all males, received an Always on Ask Questions to get More
Information on level of engagement. Participants 25 and 26, both females, were not working well
with their partners. Participants 25 and 26 were asking participants from other groups questions
on the lab, they wouldn’t let their partners help, and they ignored their partners every time they
offered information on the lab. Participants 25 and 26 both received a Never on Works Well
with Other Peers on level of engagement. Participants 19 and 20, both females, made their
partners to finally listen to them when they offered information about the lab. Participants 19
and 20 received a Sometimes on Works Well with Other Peers and an Always on Participates
Actively in Discussion on level of engagement. Since only two participants from group 2 were
offering information to their other two partners to try to work together, group 2 had questions on
the lab that they asked the teacher. Participants in group 2; 19, 20, 25, and 26, all received an
Always on Ask Questions to get More Information on level of engagement.
As participants were turning in their completed lab, the majority of them kept saying “I
really enjoy using the merge cube. It’s a fun and different way to learn science.”
Before participants started working on the lab, the teacher passed back previous work that
participants have completed, and participant 22, a male, asked the teacher a question on his
homework he received. Participant 22 also asked questions during the lab and received an
Always on Ask Questions to get more Information on level of engagement. Participants 38 and
39, both males, talked throughout the lab and the teacher had to redirect them multiple times.
Both participants received a Never on Pays Attention in Class on level of engagement.
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Participants 21 and 22, both males and in group 3, started to argue, and continued for 10
minutes. They kept going back and forth on what they felt was the correct answer. Both
participants 21 and 22 received a Sometimes on Works Well with Other Peers on level of
engagement. Participants in groups 1, 2, 4, 5, and 6; same groups that are previously listed on
the 2nd Hour on 2-26-2020, received an Always on Works Well with Other Peers on level of
engagement. Participants 27 and 28, both males and in group 3, were actually both focusing and
trying to figure out the lab while the other two partners were arguing. Participants 27 and 28
both received an Always in Works Well with Other Peers and an Always on Participates
Actively in Discussion on level of engagement. Groups 1-6 were able to finish the lab in 20
minutes. Participants said, “Using the merge cube for this lab made it easier and faster to
complete.”
Even though girls are more engaged in their learning when using the merge cube, boys
also showed a huge improvement by having 18 more boys being more engaged. However, there
were less girls than boys who scored an Always on Paying Attention in class., but more girls
scored a Sometimes and zero girls scored a Never on Pays Attention in Class. Even though there
were less girls who scored an Always, table 6 still shows that more girls paid attention in class
than boys.
Findings of The Study
The purpose of this study is to investigate if using a merge cube in a science classroom
can improve students’ success rate in the class. The use of the merge cube may not have
increased the number of A’s that students received on assignments, but using the merge cube
definitely increased the number of students passing. In other words, more students were failing
before the use of the merge cube than after using the merge cube.
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This study is also intended to find out if using a merge cube will increase engagement from
students in the science classroom. Engagement for this study is defined as participation, interest,
and confidence in learning science. Even though students were engaged before the use of the
merge cube, there was a large increase in both class periods in level of engagement from
students. The last section is discussing the discussion and conclusion of the study.
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CHAPTER V
Discussion and Conclusion
Students learn in different ways, and using the merge allows those different learning
styles to be met. When a student’s specific learning style is met, there is some possibility that
they can improve on being more engaged in their learning and improve their grades. The level of
engagement and the increase in grades go hand-in-hand with another, meaning that when
students are more engaged in their learning, their grades will increase. Their level of engagement
and learning increase because they are asking questions, having open discussions with their
peers, and they are even able to answer the questions. However, when it comes to discussing
engagement in the classroom, it can vary between genders. Therefore, this study found out that
the use of the merge cube was able to help students improve their grades and it helped to increase
the level of engagement in both genders, but it increased more in girls.
Discussion
After conducting this research, it was found that the number of students who were failing
before using the merge decreased by 1. Even though the number of A’s received in science
decreased, 31 participants were still receiving a grade of a C or higher after using the merge
cube. Thus, it can be said that using the merge cube does indeed increase the success rate of
participants in science class. The level of engagement was found to be different between genders.
In fact, it was discovered to be higher in girls both in the areas of not using the merge cube and
during the use of the merge cube. The results indicate the number of girls increased by 42
participants and boys increased by 40 participants on scoring an “Always” on the level of
engagement in the 1st hour class after the use of the merge cube. For the 2nd hour class, the
number of girls increased by 39 participants and boys increased by 18 participants on scoring an
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“Always” on the level of engagement after using the merge cube. A possible reason as to why
the level of engagement did not increase as much in boys as it did in girls, is because boys
probably use the merge cube to show engagement by reflecting kinesthetic learning style.
Meaning, at first they boys viewed the merge cube as a toy instead of a learning tool. Again, it
can be said that the use of the merge cube can help increase the engagement level in participants
when in science class, more so in females than males, and that the level of engagement varies
between genders.
Research question one was looking at the success rate of the participants, meaning it was
looking at the passing rate of participants in the science class. Before conducting this research,
there were three participants that were failing. However, after being given the opportunity to use
the merge cube when learning the science content, the number of failing participants decreased
by one. Although the number of participants who earned a grade of a C or higher was 31 before
using the merge cube and also after using the merge cube, the number of participants who started
to pass science was 37.
The reason for the increase in which participants started to pass science is that the merge
cube allowed for lessons to “come to life.” In a typical setting, students are given a textbook,
notes, and assignments on paper to learn the material. In order for students to receive the handson learning, they would then complete lab experiments. However, the merge cube allows
students to complete assignments by doing a hands-on activity. This STEM tool allows students
to be able to see a 3-D image of a picture over a science concept which allows them to form a
deeper understanding of the material. When looking at pictures and diagrams in a textbook,
students are not able to view it in 3-D or are able to model the processes through hands-on
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learning. With the merge cube, not only does it give the students a 3-D image, but it allows them
to learn through the process by giving them a live simulation of the material.
One thing that helps with the success rate of students for science, is the level of
engagement when in class, which had five different statements: 1)Pays attention in class
2)Works well with other peers 3)Participates actively in discussion 4)Ask questions to get more
information 5)Raises his/her hand to answer a question or volunteer information. This is what
research question two was looking at when conducting the research. For the 1st hour class, the
results indicate that girls are more engaged in their learning without using the merge cube when
in class. The number of girls and boys scoring a Never on the level of engagement was the same,
which was 2 and came from the pays attention in class statement on the level of engagement. A
total of 4 boy participants scored a Sometimes, whereas two girl participants scored a sometimes.
These results came from the pays attention in class and ask questions to get more information
statements on the level of engagement. The total number of boy participants who scored an
Always was 23 and the girl participants was 25. The results for the Always score was on the
statement for pays attention in class and ask questions to get more information. However, the
results for the 1st hour class showed some changes after using the merge cube.
The total number of boy participants scoring a Never was 1 where the number of girl
participants was 4. The boy participant scored a Never in participates actively in discussion and
the girl participants scored a Never in works well with other peers and participates actively in
discussion. The total number of boy participants who scored a Sometimes was 3 which was from
the statements of works well with other peers and ask questions to get more information. Three
girl participants also scored a Sometimes in the category of asks questions to get more
information on the level of engagement. However, the results that had a dramatic increase were
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the number of participants who scored an Always after the use of the merge cube. The number
for boy participants who scored an Always was 63 and the number of girl participants was 67.
These results came from all five statements on the level of engagement. One statement that did
not contain a lot of participants before using the merge cube was the statement ask questions to
get more answers. This could be because the participants felt comfortable enough with the
material to where they felt that they understood it before the merge cube, but once they used the
merge cube, it intrigued them to want to learn more resulting in them asking more questions after
using the tool.
Based on the results from the 1st hour class, it can be said that the participants responded
well with the use of the merge cube which helped them to become more engaged in their
learning. The merge cube allowed them to do even more hands-on learning besides just
completing typical science labs, which is what helps students to become more engaged when in
the classroom. This increase in engagement is beneficial for the participants because it shows
that they have an understanding of the material being taught.
The results for the 2nd hour class were slightly different due to the fact that there were a
few more participants in this class; 1st hour had 17 participants whereas 2nd hour had 22
participants. Before using the merge cube, a total of 3 boy participants and 1 girl participant all
scored a Never on pays attention in class. Four boy participants and 10 girl participants scored a
Sometimes on the level of engagement. These results were recorded from the statements pays
attention in class, ask questions to get more information, and raises his/her hand to answer a
question or volunteer more information. The number of boy participants scoring an Always was
26 and the number of girl participants was 36. These results came from the statements pays
attention in class, works well with other peers which pertain to only 2 girl participants, and asks

Examination of the Integration of Augmented Reality in Technology in Science Curriculum

59

questions to get more information. However, just like in the 1shour class, the results showed
changes after using the merge cube.
More participants scored a Never in the 2nd hour class than the participants in the 1st hour
class. The number of boy participants was 8, which came from the statements pays attention in
class, works well with other peers, and participates actively in discussion. The number of girl
participants who scored a Never was 2 which fell into the works well with other peers category.
The reason for the increase in the Never scores in the 2nd hour class could be for the fact that
students viewed the merge cube more as a toy than a learning tool. The number of boy
participants who scored a sometimes was 11 and the girl participants was 18. All of the
Sometimes results came from the statements pays attention in class and works well with other
peers.
The major difference from 1st hour’s results compared to 2nd hour’s results, was the
amount of participants who scored an Always. The total number of boys who scored an Always
was 44 and 75 were girls. The one thing that stood out was that 0 boy participants and only 1 girl
participant scored an Always on pays attention in class when using the merge cube. Again, this
could be for the fact that the participants in this class viewed the merge cube more as toy than a
tool to use to help them to learn the material. However, 25 boy participants and 40 girl
participants scored an Always on works well with other peers. Even though boy participants are
less than girl participants by 15 when it comes to working well with other peers, it can be said
that when the merge cube is being used, it helps participants to work better with one another
when in groups. The other two statements that participants scored an Always on are participates
actively in discussion and asks questions to get more information.
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When looking at the results on the level of engagement from the 2nd hour class, the
engagement from participants definitely increased after using the merge cube. Again, before they
were given the opportunity to use this tool, they may have felt comfortable with the material to
where they had a somewhat of an understanding on the content. Once they were able to use the
merge cube, it sparked their interest in learning, which led them to want to be more involved in
their learning. Overall, the use of the merge cube is beneficial when it comes to the engagement
of participants when learning science.
Limitations of the Study
The major limitation that this study faced was that it ended three days earlier than
planned due to COVID-19. Since this study ended early, the researcher was not able to give a
post-assessment, another limitation to this study, which would have allowed the researcher to see
where the participants ended after the use of the merge cube. With not being able to give a postassessment, the researcher did not use the science questions that the participants answered on the
pre-assessment, but instead only used the grades where the participants were at before using the
merge cube, and the grades where the participants were at from completing the assignments after
using the merge cube. Additionally, the teacher interview was unable to conduct to the COVID
19. The data from interview is critical to validate the results of the study as well.
With having both the researcher and the science teacher being females, this could cause
some bias towards the females. One of the things that was being looked at during this study, was
the engagement level between genders. However, when both the teacher and researcher are
females, it could cause the attention to be put towards females and not males. This would then
result in data that would be more in the favor of the girls and not the boys.
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Future Study
When thinking about how to improve this research for a future study, a few things come
to mind. The first thing that could be done is having a bigger group of participants. This would
be beneficial for the fact that gender was being looked at in this study. When having a bigger
group of participants, the researcher will be able to collect more data and will have more to
compare. With having a bigger group, one thing that could also be done is not only assigning
participants to a specific group, but also letting the participants pick their own groups. If they are
able to pick their own groups, this can show the researcher if the merge cube really does help
participants to work well with others and have an open discussion with their group on the level
of engagement, or if they just wanted to work with their friends to talk and not work on the
lab/assignment given.
Another thing that can be done for a future study is conducting the research for a longer
time. This would allow the researcher to collect more data to compare. When conducting this
research for a longer timeframe, there would be more quantitative data that could be collected
because more assessments would be able to be given. One of the assessments that could be given
would be a post-assessment. If a post-assessment is given, the researcher will be able to compare
where the participants were at grade wise before and after using the merge cube. This would
allow the researcher to then use the assignments that are given in-between the pre- and postassessment as a tool to help also help the students to better understand the material while also
still being able to use the merge cube to complete the assignments. This would be beneficial for
the fact that it would make the answer to research question 1 more reliable because there would
be more scores that were collected and a definite ending post-assessment score to back it up.
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Another thing that could be done in a future study is that the researcher could set up
stations, making the use of the merge cube a station. Each station could be made to meet each
specific learning style, with the merge cube station being made to meet multiple learning styles.
For example, one station could have participants read a passage and answer questions, which
would be for visual learners. Another station could be a hands-on activity by building a model
that pertains to the material, which would meet the kinesthetic learning style. For auditory
learners, students could gather in a group and discuss the material out loud and have an open
discussion to help their peers to better understand the material, with having the teacher to help
facilitate the discussion. However, the merge cube would be able to meet all of these learning
styles previously mentioned. This is done because the merge cube is a hands-on tool and the apps
that are being used allows the students to not only read the words and answer questions, but
some apps also allow students to listen to an audio version of the material instead of reading it
themselves.
Conclusion
The overall goal for teachers is to make sure their students understand the content. They
also want to have their students to be engaged in their learning. The use of the merge cube meets
these goals. When these students were exposed to the merge cube, some of the grades did
increase which shows that those students were able to understand the material. The merge cube
also had a large impact on the level of engagement by increasing it in a large amount. Even
though not every student earned an A or scored an always on the level of engagement, the
students were able to show improvement in their science academics which shows that when
using the merge cube in a science classroom, it is beneficial.
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Appendix A
Survey Instrument
Learning Trends and Student Self-Actualization and Cognition in Science
This survey is designed to be administered to 9th graders in high school in which the
group of students are learning about genetics in a biology course and will be using a merge cube,
a form of augmented reality, to help them to learn science better and to become more engaged in
class. The survey consists of 17 questions divided into five categories: Demographics, Content
Understanding, Levels of Engagement, Learning Style, and Genetic Questions. The survey will
be administered on paper and will take 5-10 minutes to answer. This survey will collect
information on how students perceive themselves in understanding and engaging in science and
will also collect information on knowledge they have on genetics. This survey will be given at
two points in the study, a pre-survey during week one and a post-survey during week four. The
results of this survey will show how students viewed themselves before and after learning the
content. The scoring on this survey will determine how many students, out of the 44 students,
answered each question. However, in category E, the scoring will give a baseline of knowledge
that the students know before and after the content is given. Therefore, category E will have
scoring of how many students were able to answer the question correctly.
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Table. 1 Survey Construct
Descriptions
Demographics: gender and current

Items

Scoring

2 questions

grade in science
Content Understanding: Measures

4 questions

how students view themselves in
science and over the genetics topic
Level of Engagement: Analyzes how

4 questions

students engage in the science class
Learning Style: Shows the type of

5 questions

learner a student is when studying
science
Genetic Questions: Allows students

2 questions

to test their knowledge on what they
already know about genetics.

How to Administer the Survey
This survey will be given by pencil and paper and will take 5-10 minutes to complete in
class. This will be given at the beginning of two class periods.
Category A: Student Demographics
Answer each of the statements to what you feel best describes your ability. Answer by
placing a checkmark or ‘X’ in the box. This is not a test, therefore, there are no right or
wrong answers.
Male
1

What is your gender?

Female

Prefer not to Say
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A - A+

2

B - B+

C - C+

D - D+

F
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Not Sure

What is your current grade
in science?

Category B: Content Understanding
This set of questions asks about how you, the student, view yourself in your science class.
Answer each of the statements to what you feel best describes your ability. Answer by
placing a checkmark or ‘X’ in the box. This is not a test, therefore, there are no right or
wrong answers.
SA = Strongly Agree, A= Agree, N = Neutral, D= Disagree, SD = Strongly Disagree
SA
1

I consider myself an expert in science

2

I would get an 85% or above on a test over genetics if

A

N

D

SD

I took it now
3

Science is extremely easy for me

4

I have a high confidence level in science

Category C: Level of Engagement
This set of questions asks you how well you perform in the science class as a student.
Answer each of the statements to what you feel best describes your ability. Answer by
placing a checkmark or ‘X’ in the box. This is not a test, therefore, there are no right or
wrong answers.
SA = Strongly Agree, A= Agree, N = Neutral, D= Disagree, SD = Strongly Disagree
SA

A

N

D

SD
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I do my best every day in science class

2

I feel that science is very important to have

3

I want to pursue a career in science, whether it be
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teaching, in the medical field, or a researcher
4

Science is my favorite class and I enjoy learning it

Category D: Learning Style
This set of questions ask what is your learning style, as a student, when it comes to learning
and studying science content. Answer each of the statements to what you feel best describes
your ability. Answer by placing a checkmark or ‘X’ in the box. This is not a test, therefore,
there are no right or wrong answers.
SA = Strongly Agree, A= Agree, N = Neutral, D= Disagree, SD = Strongly Disagree
SA
1

Individual- listening and doing] Examples (Concrete
examples - the use of specific examples to understand
abstract ideas
I listen to the teacher lecture and the material to learn

2

I listen to the teacher lecture, tread the material, read
notes and textbooks to learn, teacher explain and
describing ideas with many details
Ask, Explain & Connect (Elaboration - explaining and
describing ideas with many details)

3

I like to ask questions,
I prefer to learn the content in a group

4

I like the teachers to explain and discuss using
visuals Words & Visuals (Dual coding - the
combining of words and visuals)

A

N

D

SD
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Group work

Category E: Genetic Questions
This set of questions is to test your knowledge on what you know about genetics. Answer
the question by circling the correct letter with the answer. This is not a test, therefore
answer the question to the best of your ability.
1. Which of these is a genotype?
a. Tall
b. Allele t
c. Short
2. Which of these is a phenotype?
a. Homozygous recessive
b. Allele R
c. Rr
d. Red
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Appendix B
Sample Quiz and Test Instrument
The chapter test and quizzes will be created by the teacher to give to the students. There
will be a total of three quizzes, one after each topic, and it will take the students 15-20 minutes to
complete. There will be one test that will take the whole class period for students to complete, 45
minutes, and this test will cover all of the material that students learned in the genetics chapter.
The researcher will be looking for how many students earned A’s, B’s, C’s, D’s, and F’s after
taking the quizzes and test. This will tell the researcher if using the merge cube helped students’
academic success rate by looking for an increase in scores. An example that would show if the
merge cube was effective is seeing ten students go from a C+ to a B after using the merge cube.
The quizzes and test will be administered on paper and will be given by the teacher. Below are
example questions for the quizzes and test:
•

Quiz questions:
o Which of these is a genotype?
▪

Tall

▪

Tt

▪

Allele t

▪

Short

o Which of these is a phenotype?
▪

Homozygous recessive

▪

Allele R

▪

Rr

▪

Red
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Test questions
o Which of these best describes how meiosis and genetics are related?
▪

During meiosis the genes of chromosomes are read/translated into a trait

▪

Genetics occurs when meiosis does not; in other words, when a person’s
genes are mutated because of environmental conditions, meiosis doesn’t
occur right and genetics results in a disorder

▪

There is no relationship between these words- the teacher just put them in
the same chapter for the fun of it

▪

During meiosis, a living thing puts half of its DNA into its sperm/eggs if
those sperm/eggs are used to make offspring the parent is passing on half
of their genes (and therefore traits) to their offspring

o Galactosemia is a genetic disorder that results in the inability of a person to digest
galactose. If not treated immediately after birth, severe reactions can occur, an
infant will not gain width and could die. Gene G is responsible for producing the
enzyme. Galactosemia is caused by a recessive allele. Imagine a person who is a
carrier for the gene having offspring with another carrier. What are the chances
that their offspring will have the disorder?
▪

Trait:________________________
Allele_______________________: Dominant, _________________
Allele_______________________: Recessive, _________________
_______-Homozygous dominant, ________________
______-Heterozygous, __________________
______-Homozygous recessive, ________________
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Punnett square:

Offspring genotypic ratios:
Offspring phenotypic ratios:
Answer to question:________________
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Appendix C
Classroom Observation Instruments
This checklist is designed for the researcher to use while observing a 9th grade high
school class in biology. There are five items the researcher will look for when observing. This
checklist was made based on the researchers’ definition for student engagement. The researcher
will be looking for if students are engaging in the classroom. This will be based on if they are
paying attention, meaning the student will give the teacher their full attention by not being
occupied by anything else. The researcher will also be observing student engagement by seeing
if students are active in classroom and group discussions and whether or not if the students work
well with their peers by placing student and the number used to identify the student, for example
student #1, in the box that best describes that student for that day.
Observation Checklist
Statement

Never
1

Pays attention in class
Works well with other peers
Participates actively in
discussion
Ask questions to get more
information
Raises his/her hand to answer a
question or volunteer
information

Sometimes
2

3

Always
4

5
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Observation Notes
Date:

Time:

Class/Hour:
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Appendix D
Teacher Interview Instrument
This interview was designed to ask the teacher of the freshman biology class, their
viewpoints on using the merge cube when learning science. The interview will take 40-45
minutes of the teacher answering the questions provided by the researcher verbally. The answers
from the teacher will tell the researcher if the teacher felt having the merge was successful in this
particular subject area and if it helped students to the point the teacher would advise using the
merge cube in other areas of science. The interview will be recorded and will take place in the
teacher’s classroom. The interview will take happen after week 4 when the content is done being
delivered and the students took the chapter test over genetics. Below are ten guiding questions
for the interview.
1. What did you or did not like about the merge cube and why?
2. Did using the merge cube help students to learn science? Why or why not?
3. Do you feel the engagement level from students increased with the use of the merge
cube? And if so, how?
4. By using the merge cube, do you feel that students’ grades increased and why?
5. Would you use the merge cube to learn other topics in science? Why or why not?
6. Did using the merge cube help you to deliver the content to students?
7. When using the merge cube, what was your confidence level when teaching the
content?
8. Did you feel engaged with teaching when using the merge cube?
9. Did you feel comfortable enough to use the merge cube when the researcher was not
there?
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Appendix E
IRB Approval Letter
February 7, 2020
Cathleen Bierman
Sham'ah Md-Yunus
Teaching Learning and Foundations
Dear Cathleen,
Thank you for submitting the research protocol titled, “An Investigation of the Integration of
Augmented Reality in Technology in Science Curriculum: Mixed Methods” for review by the
Eastern Illinois University Institutional Review Board (IRB). The IRB has reviewed this research
protocol and effective 2/6/2020, has certified this protocol meets the federal regulations
exemption criteria for human subjects research. The protocol has been given the IRB number 20029. You are approved to proceed with your study.
The classification of this protocol as exempt is valid only for the research activities and subjects
described in the above named protocol. IRB policy requires that any proposed changes to this
protocol must be reported to, and approved by, the IRB before being implemented. You are also
required to inform the IRB immediately of any problems encountered that could adversely affect
the health or welfare of the subjects in this study. Please contact me, or the Compliance
Coordinator at 581-8576, in the event of an emergency. All correspondence should be sent to:
Institutional Review Board
c/o Office of Research and Sponsored Programs
Telephone: 217-581-8576
Fax: 217-581-7181
Email: eiuirb@www.eiu.edu
Thank you for your cooperation, and the best of success with your research.
John Bickford, Chairperson
Institutional Review Board
Telephone: 217-581-7881
Email: jbickford@eiu.edu
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Appendix F
Parent/Guardian Consent Form

CONSENT TO PARTICIPATE IN RESEARCH
An Investigation of the Integration of Augmented Reality in Technology in Science Curriculum: Mixed
Methods
You are invited to participate in a research study conducted by Cathleen Bierman and Dr. Yunus, from
the Teaching Learning & Foundations Department at Eastern Illinois University.
Your participation in this study is entirely voluntary. Please ask questions about anything you do not
understand, before deciding whether or not to participate.
You have been asked to participate in this study because you are a high school students taking a science
class.
•

PURPOSE OF THE STUDY

The purposes of this study is to investigate if using technology integration into a science
classroom can improve students’ success rate in the class. This study is also intended to find out if using
technology will increase engagement from students in the science classroom.
•

PROCEDURES

If you volunteer to participate in this study, you will be asked to:
Take a pre-survey during week 1 and a post-survey during week 4. You will also be using a merge cube
along with an iPad. A merge cube is a science, technology, engineering, and math (STEM) tool, that
when placed in front of an iPad/tablet/smartphone, a 3-D image will appear of what students are looking
at. Since this study will be during the time you are learning about genetics, you will have the ability to
see a 3-D image of chromosome and bacteria. You will also have reviews after each topic is taught and
then a chapter test.
•

POTENTIAL RISKS AND DISCOMFORTS

There is no risk in doing this study. This tool is not replacing the way you are learning or studying
science, but instead is being used as a support to help you learn and study science.
•

POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY

The benefit from participating in this study will be to show growth in the science class with a better
understanding and increase engagement level when learning science.
•

CONFIDENTIALITY

Any information that is obtained in connection with this study and that can be identified with you will
remain confidential and will be disclosed only with your permission or as required by law. Confidentiality
will be maintained by means of assigning each student with a number starting with #1 ending at #44.
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Names and student school ID’s will not be used at all. Data will be kept in a file and only Cathleen
Bierman and Dr. Yunus will see the data. I will not be using individual grades, but will be using how
many A’s, B’s, C’s, etc. were achieved overall.
•

PARTICIPATION AND WITHDRAWAL

Participation in this research study is voluntary and not a requirement or a condition for being the
recipient of benefits or services from Eastern Illinois University or any other organization sponsoring the
research project. If you volunteer to be in this study, you may withdraw at any time without consequences
of any kind or loss of benefits or services to which you are otherwise entitled. There is no penalty if you
withdraw from the study and you will not lose any benefits to which you are otherwise entitled.
•

IDENTIFICATION OF INVESTIGATORS

If you have any questions or concerns about this research, please contact:
Cathleen Bierman: cabierman@eiu.edu
Dr. Yunus: smdyunus@eiu.edu
•

RIGHTS OF RESEARCH SUBJECTS

If you have any questions or concerns about the treatment of human participants in this study, you may call or
write:
Institutional Review Board
Eastern Illinois University
600 Lincoln Ave.
Charleston, IL 61920
Telephone: (217) 581-8576
E-mail: eiuirb@www.eiu.edu
You will be given the opportunity to discuss any questions about your rights as a research subject with a
member of the IRB. The IRB is an independent committee composed of members of the University
community, as well as lay members of the community not connected with EIU. The IRB has reviewed
and approved this study.

I voluntarily agree to participate in this study. I understand that I am free to withdraw my consent and
discontinue my participation at any time. I have been given a copy of this form.
________________________________________
Printed Name of Participant
________________________________________
Signature of Participant

_________________________
Date
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I hereby consent to the participation of _____________________________________________, a
minor/subject in the investigation herein described. I understand that I am free to withdraw my consent and
discontinue my child’s participation at any time.
________________________________________
Signature of Minor Subject’s Parent or Guardian

________________________
Date

I, the undersigned, have defined and fully explained the investigation to the above subject.
________________________________________
Signature of Investigator

________________________
Date

